Background. Patients with candidemia frequently have a central venous catheter (CVC) in place, and its early removal is considered the standard of care.
Table 1. Study Design and Characteristics of the 2 Double-Blind, Randomized Clinical Trials of Candidemia That Enrolled the Patients Evaluated in the Current Study of Early Removal of the Central Venous Catheter (CVC)
inition for what constitutes "early" CVC removal, and suboptimal statistical analyses including no adjustment for important potential host confounders, such as a high severity of illness score and persistent neutropenia. Not cited in these guidelines are studies that made such adjustments and failed to confirm the reported association between early CVC removal and improved outcomes [8] [9] [10] [11] . The findings in these latter studies prompted some to recommend against CVC removal and replacement in critically ill patients because of the risks of serious complications [12] . The optimal strategy to resolve this controversial issue is a randomized, controlled trial (RCT) in which patients with candidemia are randomized to have early CVC removal versus no removal, after patient stratification by key baseline variables; uniform antifungal therapy would be provided, and serial blood cultures would be performed at predefined time points to ascertain the time to mycological eradication. Because such a study is unlikely to be conducted in the near future, the next best approach relies on appropriate subgroup analysis of a large cohort of patients enrolled in recent RCTs of candidemia in which the effect of early CVC removal on various outcomes is evaluated [13] . The newer and more precise methods for grading evidence-based medicine give such subgroup analyses higher-quality grading than purely observational studies [14] , provided the following requirements are fulfilled: (a) a representative patient population for which these evidencebased recommendations are applied, (b) direct comparison of 2 groups (eg, CVC removal or retention), (c) evaluation of clinically important outcomes, and (d) statistically significant results in a positive study or adequate sample size to rule out a b error in a negative study [15] .
We present the results of a study in which we evaluated the effects of early CVC removal on clinically important outcomes among 842 patients enrolled in 2 recent large multicenter, multinational RCTs of treatment of candidemia [7, 16] . We specifically examined whether early CVC removal-defined as removal within 24 or 48 h after initiation of antifungal therapywas associated with the beneficial outcomes that form the basis for current recommendations for early CVC removal [2, 3] namely, better treatment success, faster mycological eradication, lower rates of recurrent and persistent candidemia, and improved survival. 
PATIENTS AND METHODS
This analysis of early CVC removal represents a subgroup analysis of data pooled from 2 phase III, double-blind, multicenter/ multinational RCTs of therapy for candidemia [7, 16] . Study details are presented in the original publications (Table 1) . Briefly, patients were randomized to receive micafungin at 100 mg/day or liposomal amphotericin B at 3 mg/kg/day in one study [16] and micafungin at 100 mg/day, micafungin at 150 mg/day, or caspofungin at 50 mg/day (after a 70-mg loading dose on day 1) in the other study [7] .
Inclusion criteria and end points for the analysis of early CVC removal. Inclusion criteria were documented candidemia, age 116 years, presence of a CVC at diagnosis of candidemia, and receipt of at least 1 dose of study drug. Prior to the analysis, we defined the 2 time points for early CVC removal (within 24 h and 48 h after initiation of antifungal therapy), the 6 outcomes of interest, and the planned statistical analyses. The 2 time points we selected for early CVC removal are in keeping with the recent Infectious Diseases Society of America (IDSA) guidelines [2, 3] and within the usual time frame when clinicians consider removing the CVC in a patient with candidemia [9, [17] [18] [19] [20] [21] .
The outcomes we selected were those advanced in support of early CVC removal [2, 3] , including all 4 that were prospectively examined in the original RCTs [7, 16] -that is, overall treatment success, rates of recurrent candidemia, and survival at 28 days and 42 days after treatment initiation. In addition, because survival is frequently related to the underlying disease, we also evaluated outcomes that are thought to be closely related to CVC status (removal or retention)-that is, time to mycological eradication and rates of persistent candidemia.
Definitions. Treatment success was defined as clinical success (resolution of clinical signs of infection) and mycological success (eradication of the baseline pathogen) at the end of therapy. Death during receipt of antifungal therapy and missing evaluations were considered treatment failures. Recurrent candidemia was defined as documented candidemia with the baseline Candida species during the posttreatment follow-up period. These definitions were similar to those applied in the original trials [7, 16] . Persistent candidemia referred to any blood culture obtained during antifungal therapy and that yielded the same Candida species recovered at baseline. Time to mycological eradication represented the number of days from initiation of treatment to the first day of blood cultures negative for Candida species.
Statistical analyses. Patients with early CVC removal were compared with those whose CVC was not removed within 48 h after treatment initiation or was never removed during the course of therapy. Univariate analysis was performed to evaluate the association between each outcome and CVC status (removal within 24 or 48 h after treatment initiation). To explore the association between our predefined outcomes and the potential confounding factors, the following prospectively collected baseline variables were examined: age, sex, neutropenia (absolute neutrophil count, !500 cells/mm 3 ), liver failure (a di- agnosis of cirrhosis), renal failure (serum creatinine level, 12 mg/dL), diabetes mellitus, concomitant bacteremia, solid-organ transplantation, receipt of corticosteroids (within 2 weeks prior to the first dose of study drug), surgery (requiring anesthesia other than local and occurring within 2 weeks prior to the first dose of study drug), Acute Physiology and Chronic Health Evaluation (APACHE) II score, pathogen (Candida albicans vs. Candida tropicalis vs. Candida parapsilosis vs. other Candida species; C. albicans vs. other Candida species; C. parapsilosis vs. other Candida species), disseminated candidiasis (as previously defined [22] ), and treatment regimen (micafungin at 100 mg/ day, micafungin at 150 mg/day, caspofungin, or liposomal amphotericin B). We also examined the effects of persistent neutropenia, defined as neutropenia for у3 days after the last dose of antifungal treatment.
All variables with by univariate analysis were entered P ! .1 in a multivariate model. Categorical data were analyzed using x 2 or Fisher's exact tests, as appropriate, and continuous variables (age and baseline APACHE II score) were compared using the Wilcoxon test. Time-to-event variables were analyzed by the log-rank test. Multivariate analysis was performed by logistic regression analysis. All analyses were conducted using SAS statistical software (SAS Institute).
RESULTS

Patient characteristics.
A total of 1109 patients were enrolled in the original RCTs, 842 of whom fulfilled inclusion criteria for the analysis of early CVC removal (Figure 1) . We excluded 267 patients because a diagnosis of candidemia was not established ( ), a CVC was not present at diagnosis of cann p 162 didemia ( ), or the patient was aged р16 years ( n p 66 n p ). Patient characteristics are detailed in Table 2 . The median 39 age was 57 years (range, 19-95 years), and 485 patients were male. Baseline risk factors were receipt of corticosteroids (22%), diabetes mellitus (21.6%), surgery (17.8%), renal failure (17.3%), and neutropenia (10.1%). C. albicans was the most frequent species (43.5%), and 9.7% of patients had disseminated candidiasis. Early CVC removal was observed in 354 patients (318 patients within 24 h after treatment initiation and 36 patients between 24 and 48 h). The CVC was removed 148 h after treatment initiation or was retained throughout the course of treatment in 180 and 308 patients, respectively. The median time from candidemia to CVC removal was 2 days in both cohorts (patients with removal within 24 h and patients with removal within 48 h), compared with 9 days in patients whose CVC was removed 148 h after treatment initiation. Early CVC removal was associated with significantly lower baseline APACHE II score for both the 24 and 48 h time points and was less likely in patients who had baseline neutropenia, renal failure, or concomitant bacteremia. Univariate analysis of the effect of early CVC removal on outcome. Early CVC removal within 24 or 48 h had no effect on persistent or recurrent candidemia and treatment success (Table 3) or time to mycological eradication ( Figure 2 ). By contrast, early CVC removal was associated with increased survival at 28 and 42 days and with higher treatment success.
Univariate analysis of potential confounders. Persistent candidemia was associated with diabetes mellitus, receipt of corticosteroids, and C. parapsilosis candidemia, whereas baseline neutropenia was the only variable associated with recurrent candidemia. Longer time to mycological eradication was more likely among patients with C. parapsilosis candidemia, diabetes mellitus, and concomitant bacteremia. Because overall treatment success and 28-day and 42-day survival were influenced by early CVC removal in the univariate analysis, the potential confounders for these 3 outcomes were examined. Higher APACHE II score, persistent neutropenia, and corticosteroid use were associated with treatment failure, whereas these same variables in addition to older age, renal failure, recent surgery, and baseline pathogen predicted poor survival (Table 4) .
Multivariate analysis of outcome predictors. The improved treatment success and survival associated with early CVC removal by univariate analysis was lost when multivariate analysis was applied; in the multivariate analysis, early CVC removal failed to influence any of these outcomes (Table 5 ). This lack of benefit from early CVC removal was in contrast to the significant negative association between these outcomes and certain host factors: higher APACHE II score, persistent neutropenia, and older age.
DISCUSSION
In this cohort of 842 patients with candidemia followed up prospectively, we could not identify a beneficial effect of early NOTE. Data are no. (%) of patients, unless indicated otherwise. Analysis of time to mycological eradication and rates of persistent or recurrent candidemia was not performed because of the lack of significant effect of CVC removal on these outcomes by univariate analysis (Figure 1 and Table 3 ). APACHE, Acute Physiology and Chronic Health Evaluation.
CVC removal on any of the 6 predefined outcomes-treatment success, survival at 28 and 42 days, rates of persistent or recurrent candidemia, and time to mycological eradication. Importantly, these findings were consistent across all examined outcomes and at both time points of CVC removal (within 24 h and 48 h after treatment initiation). Notably, the curves comparing the time to eradication of candidemia between the group with early CVC removal and the control group were almost superimposable ( Figure 2 ). This lack of benefit from early CVC removal on all outcomes was in sharp contrast to the key role that host factors played in these outcomes. Indeed, severity of illness (APACHE II) score, persistent neutropenia, older age, and other host factors were independent outcome determinants, in accordance with several prior reports [8-11, 17, 23, 24] .
The current analysis differs from previous studies of candidemia (including ours) that evaluated the effect of CVC removal on outcomes [4, 8-11, 17, 23-25] . Differences include the very large sample size of our current study, its multicenter and multinational enrollment, and the prospective and standardized evaluation and follow-up as predefined in the 2 RCTs [7, 16] . The prospective collection of blood cultures at predetermined time points allowed us to study 4 outcomes thought to be directly related to CVC status (removal or retention) [2] namely, time to mycological eradication, treatment success, and rates of persistent and recurrent candidemia. Our predefined time points for early CVC removal (within 24 and 48 h after treatment initiation) are also in keeping with the guidelines advocating "prompt" removal of CVCs [2] .
Our findings are supported by several retrospective studies [8] [9] [10] [11] but differ from others [4, 17, [23] [24] [25] and from the 2 recent IDSA guidelines [2, 3] ; in one set of IDSA guidelines, a recommendation for early CVC removal is made for all nonneutropenic patients with candidemia [2] , whereas the other NOTE. Analysis of time to mycological eradication, success rate, and rates of persistent and recurrent candidemia was not performed because of the lack of significant effect of CVC removal on these outcomes by univariate analysis ( Figure 1 and Table 2 ). APACHE, Acute Physiology and Chronic Health Evaluation; CI, confidence interval; NT, not tested because this variable was not significant by univariate analysis; OR, odds ratio.
a The OR is the incremental increased risk for each additional point in the scale.
limits this recommendation to patients with CVC-related candidemia only [3] . In the present study, no attempt was made to distinguish between CVC-related and -unrelated candidemia, because the former is a diagnosis of exclusion ("no other source for candidemia") for which a minimum workup required to fulfill this essential criterion was not provided. Moreover, this definition is meant to identify CVC-related infections to apply a targeted CVC-removal strategy as opposed to removal in all patients. Because this diagnosis almost always requires a positive CVC tip culture, and thus CVC removal, it has limited clinical usefulness. Quantitative blood cultures and time to culture positivity have been advanced as alternative means for diagnosing CVC-related candidemia without requiring CVC removal. However, neither has been validated in a large cohort of patients with candidemia, and quantitative blood cultures are expensive and not widely used.
Removal of CVCs has been thought to benefit patients with candidemia, under the assumption that removal of this potential focus of infection improves clinical success, decreases time to mycological eradication and rates of persistent and recurrent candidemia, and improves survival [2, 3] . However, these recommendations were based on studies that had several limitations, including retrospective data collection, evaluation of patients without candidemia and/or without a CVC in place, lack of specific time points for "early" CVC removal, and no adjustment for key confounders known to influence the outcomes [4, 5, 26] . An important and often-overlooked confounder in these studies is the inclusion of patients who died before the diagnosis of candidemia was even made and thus before they could receive optimal antifungal therapy and undergo CVC removal [4, 8, 11, [23] [24] [25] . Comparing the outcome of such patients with those of patients who survived long enough to receive antifungal therapy and have their CVC removed introduces a significant bias favoring the latter group. Some studies attempted to analyze time to mycological eradication and/or rates of persistent or recurrent candidemia without the essential prerequisite of serial blood cultures at predefined intervals to establish a precise time to eradication [4] .
Of the 6 RCTs of candidemia that examined the effect of CVC removal on outcome [6, 7, 16, 20, 27, 28] , 4 trials [6, 16, 20, 27] failed to identify a beneficial role for CVC removal. In 1 of the 2 remaining studies, faster mycological eradication was associated with early CVC removal; however, the APACHE score was significantly higher among patients whose CVC was not promptly removed, and no adjustment for this important confounder was made [5, 28] . The importance of controlling for confounders is exemplified by 1 of the 2 RCTs analyzed in our report, in which the authors concluded that early CVC removal led to a higher rate of overall clinical success [7] . When we applied multivariate analysis to the same patient population (excluding those without candidemia), this higher rate of clinical success was lost (data not shown).
The echinocandins and liposomal amphotericin B penetrate well in biofilms and exhibit similar minimal inhibitory concentrations in biofilm and in planktonic stage [29] . In a rabbit model of C. albicans biofilm infection, Candida colony counts were significantly reduced with lipid amphotericin B but not with fluconazole [30] . Given these properties, we cannot rule out the possibility that the lack of benefit from early CVC removal may be caused by the antifungal therapy received, because all patients were treated with either an echinocandin or liposomal amphotericin B. However, early CVC removal did not improve outcome in a large RCT of candidemia that used fluconazole with or without amphotericin B deoxycholate [6] , suggesting that the lack of benefit from early CVC removal is observed across all classes of antifungal agents regardless of their differential in vitro activity on biofilms.
Our study was not specifically designed to assess the effect of CVC removal on outcome; a large prospective RCT of CVC retention versus removal as the primary end point can better address this question. Because such a study has never been conducted, we applied the next best methodology [13] , a subgroup analysis of a large cohort of patients enrolled in recent RCTs of candidemia that fulfilled the key requirements for high-quality grading-namely, the evaluation of a representative patient population for which these evidence-based recommendations are applied, a direct comparison of the 2 groups of interest (eg, CVC removal or retention), a focus on clinically important outcomes, and the largest sample size ever published, to minimize the chance of a b error [15] . Unlike purely observational studies lacking these requirements, such subgroup analysis is now given high-quality grading, at times even superior to that of some RCTs [15] .
Our findings imply that immediate CVC removal is not warranted in adults with candidemia treated with an echinocandin or liposomal amphotericin B. Because our patients were adults (age 116 years) and because only 10% were neutropenic, our findings cannot be extrapolated to younger patients and those who are neutropenic.
Future evaluations of the role of early CVC removal on the outcome of patients with candidemia should rely on prospective studies, should limit the analysis to patients with candidemia and a CVC in place at diagnosis, and should exclude those who die before candidemia is diagnosed. Future studies should also rely on a large sample size to minimize the chance of a b error. Specifically, a b error may miss a potential difference in favor of CVC retention, because CVC removal and replacement may impart a worse outcome as a result of potentially serious complications.
The time points for "early" CVC removal should also be predefined and should be limited to the early period (within the first 48 h after initiation of therapy), and the outcomes should include those directly related to a CVC, such as time to mycological eradication and rates of persistent and/or recurrent candidemia, provided that serial blood cultures are performed at predefined intervals. Finally, statistical analyses should always account for potential outcome confounders.
We conclude that early CVC removal in nonneutropenic adults with candidemia does not influence patient outcomes and that the recommendation to remove all CVCs in nonneutropenic patients [2] may not be justified. Instead, CVC management should be individualized, taking into consideration several factors, such as the need for a CVC and the risks versus benefits of CVC replacement in a patient who is not responding to optimal antifungal therapy and who, after proper evaluation, does not appear to have a focus of infection other than the CVC.
